3 InlateDecember1990; aremarkablenewradiosourceappearednearthecenterofourGalaxyrivalingtheintensityofSgr A (thecompactradiosourceattheGalacticcenter):F ollowingitsfirstdetection; thefluxdensityoftheGalacticCenterTransient(G 20kms ?1 with respect to the local standard of rest (LSR). Thus, the GCT is either embedded in or located behind a molecular cloud moving with that velocity. The cloud can be seen on infrared images. Its opacity is shown to be inadequate to conceal a supernova near the Galactic center. We argue that the GCT was probably transient radio emission from synchrotron-radiating plasma associated with an X-ray binary system.
Over the last two decades, a variety of interesting objects has been discovered in the central region of our Galaxy. These include the remarkable arcs and laments (1) ; Sgr A East (2) (a probable supernova remnant); Sgr A West (3;4;5) , the spiral HII region; a compact radio source (6) , Sgr A ; a group of infrared sources (7) ; and the 511 keV electron{positron annihilation line (8) . The nature of many of these objects is still not understood. One of the more intriguing is Sgr A , the compact source believed to lie at the dynamical center of the Galaxy and a low luminosity counterpart to the powerful extragalactic compact radio sources found in quasars and radio galaxies (9) . These discoveries have established the extreme nature of the Galactic center region, and considerable observational and theoretical e orts have been directed towards understanding the nature of the peculiar objects and the relationships between the various observed structures (9) .
During a program of monitoring the radio variability of Sgr A using the Very Large Array (VLA) of the National Radio Astronomy Observatory (NRAO) (10) , a transient radio source, hereafter called the Galactic Center Transient (GCT), was rst detected in images observed on 28 December 1990 at wavelengths 1.3, 2 and 3.6 cm (11) . It had not appeared in images of 11 December 1990 at the same frequencies, nor had anything been seen during the monitoring VLA program of observations every two weeks since 1 March 1990.
Shortly after the discovery, the Australia Telescope (AT) of the Australia Telescope National Facility (ATNF) detected the GCT at 6 and 20 cm and found the continuum emission at 20 cm to be at least as strong as Sgr A . The GCT is located 355 southeast of Sgr A and adds a new puzzle to the Galactic center region.
The GCT is not related to a previous radio transient event (12) which is 80 away from the new transient source and was observed with the Jodrell Bank radio-linked interferometers in 1975 and identi ed with the transient X-ray source A1742?28.
Following the radio detection of the GCT, radio and IR observations were conducted using the VLA, the Very Long Baseline Array (VLBA), the AT and the Anglo Australian Telescope (AAT) to determine the location of GCT with respect to the various other structures in the central region of the Galaxy, to measure its angular size, and to monitor the temporal variations in the spectral energy distribution. In this article, we present our observational results and brie y discuss interpretations for the GCT event.
Observations and data reduction. The measurements of the ux density of the GCT at the wavelengths from 1.3 to 22 cm were made with the VLA and the AT on 30 epochs from 1990 December 11 to 1991 August 17. The VLA observations used the radio source 3C 286 as the primary ux density calibrator (13) .
The radio sources 1748?253 and NRAO 530 were used to calibrate the complex gains and 3C 286 also served to calibrate the bandpass in spectral-line observations. For each observations, an iterative procedure of data reduction was performed (14) with the Astronomical Image Processing System (AIPS) of NRAO. Fig. 1 shows VLA images at 3.6 cm of the Sgr A West region that were made before and after the GCT appeared.
The observations of the GCT with the AT used the 6 km array con guration. The visibility data were calibrated in amplitude and phase using periodic observations of the unresolved calibrator, 1748?253.
The ux density scale was established with a short observation of the primary calibrator 1934?638. The spectral visibilities obtained on 1934?638 were also used to calibrate the bandpass in the case of spectralline observations. Images were constructed using only the calibrated visibilities at higher spatial frequencies (where the di use emission from the Galactic center region was well resolved) in order to reduce the errors due to confusion. Nevertheless, the dynamic range in the nal deconvolved images, and hence the uncertainties in the derived ux densities of the GCT at various epochs, are limited by confusion rather than thermal noise. Due to the complexity of the region and the limited number of instantaneous visibility measurements at the AT, no self-calibration techniques were applied.
Very Long Baseline Interferometry (VLBI) observations at 3.6 cm were made on March 18 with the phased VLA and the four available antennas of the VLBA (Pie Town, Los Alamos, North Liberty and Owens Valley). The maximum baseline for VLA-Pie town is about 50 km. During the total observing time of 1.5 hours we alternated between ve-minute scans on NRAO 530 and 20-minute scans on the GCT. The data acquired on NRAO 530 were used to re-phase the VLA during the observations and to act as a \fringe nder" during correlation and data reduction. The data were recorded on MkII tapes with a bandwidth of 2 MHz and these tapes were processed on the NRAO MkII correlator. After correlation, the data were reduced with AIPS following standard procedures. The relative visibility amplitude was measured for each baseline after delay and fringe tting. No attempt was made to image these data.
Temporal variations in the radio continuum emission of the GCT. Radio light curves at wavelengths from 1.3 to 22 cm, observed from 11 December 1990 to 17 August 1991, are shown in Fig. 2 . The GCT was not present at wavelengths 1.3, 2 and 3.6 cm on the rst date: upper limits to the ux density are 8, 5 and 4 mJy respectively. The GCT was rst detected on 28 December 1990 in VLA images at all three wavelengths. About three weeks later, around 20 January 1991 ( 1 week), the radio continuum emission reached a peak. Thereafter, the ux density decayed slowly following a power law. At 6 cm, measurements were made at only a few epochs, and the ux density appeared to decrease at a similar rate. The evolution of the ux density in the decaying phase can be described by S / (t ? t 0 ) ?0:67 0:08 at wavelengths between 1.3 and 6 cm, where the best t reference time t 0 is about 1990 late December.
Variations in the ux density as large as 50% were observed on timescales of a week. At a wavelength of The absorption spectra obtained towards the GCT and Sgr A are shown in panels (b) and (c) respectively.
In contrast to Sgr A , the spectrum towards the GCT shows strong absorption at an LSR velocity of +20 km s ?1 . Clearly, there is dense molecular gas along the line of sight to the GCT. Images of the Galactic center region in ammonia emission (15) have indeed shown the presence of a molecular-gas clump at the position of the GCT, with a velocity of +20 km s ?1 . No signi cant ammonia emission is seen towards Sgr A . Our observations locate the GCT behind or perhaps even embedded within this molecular gas clump.
To estimate the distance of the GCT, we observed neutral hydrogen (HI) absorption using the AT and the VLA. The same features are seen with both instruments. Fig. 4 shows HI absorption spectra towards the GCT and Sgr A made with the VLA on 17 July 1991. Panel (a) is a contour representation of the continuum emission at 21 cm; panels (b) and (c) show the HI absorption spectra towards the GCT and Sgr A respectively. Several velocity components are present in the spectra of both objects. The saturated absorption at v=0 km s ?1 in the two spectra is that expected from the integrated path length to the Galactic center. Three components with peculiar velocities are also seen in both sources. The feature at v=?54 km s ?1 is attributed to the expanding \3-kpc arm". The component at v=?135 km s ?1 arises from the front of the \expanding molecular ring" (16;17) . The absorption at v=+60 km s ?1 is attributed to the Galactic nuclear disk (18) . At the velocity of +20 km s ?1 the HI absorption spectra show increased HI column density towards the GCT, just as in the OH lines but blended with the features at 0 and v=+60 km s ?1 . The similarity of these absorption features in the two sources indicates that the GCT lies at or beyond the distance to Sgr A .
Measurement of the angular size. On 18 March 1991, a MkII VLBI observation was carried out.
Fringes were detected on only the shortest baseline, VLA to Pie Town. In June several high-resolution observations were made at 1.3, 2, 3.6, 6 and 20 cm with the VLA in the largest (A) con guration. These con rmed that the source was resolved. Fig. 5 shows the high-resolution VLA images of the GCT made on 1991 June 26 and June 28 at 1.3 and 2 cm respectively. The intrinsic shape of the source has been estimated by tting twodimensional Gaussian models to the image after deconvolution with the telescope beams. The model-ts indicate sizes of 016 004 at a P.A. 28deg :Themeasurementsoftheintrinsicshapeinthetwoindependentobservationsandatdi
The high-resolution VLA measurements of the angular size were made at six frequencies (1.37?22.5 GHz, see Fig. 6 ) during 1991 June when the VLA was in the A-con guration. The dots in Fig. 6 
In Sgr A , this 2 dependence has been observed from 1 to 22.5 GHz (19) and is attributed to interstellar scattering (9;20) . The straight solid line labelled / 2 represents this functional dependence. We note that the radio transient source in 1975 also had the same angular size at 0.96 GHz as Sgr A (12) . Interstellar scattering is thus the dominant cause of angular broadening in the GCT at wavelengths longer than 6 cm.
If the GCT were located beyond the Galactic center, the increased interstellar material along the line of sight should scatter-broaden the GCT to be signi cantly larger than Sgr A . Again we infer that the GCT must be nearly at the same distance as Sgr A . We therefore adopt a distance of 8.5 kpc to the GCT.
The measured angular size at wavelengths shorter than 6 cm appears substantially larger than the expected scattering size ( s ) and suggests that the source is resolved. The intrinsic angular size ( i ) can be estimated by quadratic deconvolution of s from the measured diameter, according to a disk scattering model. The results are also plotted in Fig. 6 , which shows that at wavelengths below about 4 cm the observed size is a good estimate of the intrinsic size and is not a ected by scatter broadening. The corresponding linear dimensions are 18 and 4 10 15 cm (about 7 2 light days). The major axis is approximately aligned with the Galactic plane and the structure is indicative of a source expanding with an average rate of about 6,000 km s ?1 in the Galactic plane (assuming that the expansion started as a point source in 1990 December).
The nature of the radio radiation from the GCT. If the GCT radiates isotropically, we compute a total radio luminosity of 1 10 33 erg s ?1 over the frequency range 1 to 25 GHz. The radio spectrum close to the epoch of maximum ux density at 20 cm is shown in Fig. 7 . At wavelengths between 1.3 and 20 cm, the spectrum is described by a power law (S / ) with a spectral index = ?1:2. The spectral index at wavelengths below 6 cm was about ?1 at all epochs. The distinctive ux density variations at 20 cm imply a attening of the spectrum above 11 cm during April and May. The measurements of the angular size and ux density at 22 cm indicate that the source has a brightness temperature exceeding 7 10 5 K. The steep radio spectrum and the high brightness temperature indicate that the emission is non-thermal and probably synchrotron radiation.
A number of VLA observations were made at 3.6 and 2 cm in March, June and July to measure the polarization properties of the GCT. No polarized ux density was detected, and the fractional linear polarization was found to be less than 2%. This may not be surprising. There have been no detection of polarized emission from other non-thermal radio sources in Sgr A. From estimates of the emission measure (4) (4 10 6 cm ?6 pc) and electron density (4 10 3 cm ?3 ) along with an estimate of the magnetic eld strength along the line of sight (21) Within the con nes of the cloud are a number of sources, most of which appear point-like but at least one of which clearly is extended and may represent gaps in the cloud. We have attempted to extract photometry of the ve brightest sources. The greatest uncertainty in doing so lies in choosing the appropriate sky level, since outside this and other molecular clouds the image is confusion limited. We chose a region within the Table   1 we list the derived K 0 magnitudes and H{K 0 colors. The H{K 0 colors of most sources in the Galactic center region are close to 2.0 mag, of which about 0.2 is intrinsic and the remainder due to reddening of A V 30.
Sources 2 and 5 appear to have similar colors, and thus probably lie in front of the cloud, while the other three are redder by up to 1 magnitude in H{K 0 . The probability is high that these are background sources seen through the cloud, and on this assumption we infer that the additional extinction through the cloud is about 1 magnitude at K 0 , or about 15 mag of A V . If, instead, the source lies within the cloud this is a lower limit to the extinction.
An alternative estimate of the cloud opacity is to compare the integrated intensity in the cloud with that in regions at the same radial distance from the Galactic center. Again some uncertainty is introduced by the unknown sky level of the image. We set the sky level according to the darkest portion of the image, in particularly dense molecular clouds about 5 times more distant from the Galactic center. We took mean intensities at ve positions all equally separated from Sgr A and derived the extinction through the molecular cloud on the assumption that the radiation seen therein is the same but for attenuation. On this basis we derive an extinction A K 0 = 2:5 0:4 mag. This too is potentially an underestimate because some unresolved foreground stars will be seen superimposed on the cloud.
In addition, a column density of molecular hydrogen in this cloud (N(H 2 ) 4 10 22 cm ?2 ) derived from NH 3 spectra (27) provides an estimate of A K 0 2, while the N(H 2 ) (2 10 23 cm ?2 ) derived (28) from our OH absorption spectra of the +20 km s ?1 feature is somewhat higher. Nevertheless, the extinction estimated via molecular spectra agrees roughly with the infrared estimates.
Conservatively we take the total extinction to the GCT to be double that of a typical clump plus the interstellar component, or A K 0 6 mag. We can place a limit on the apparent K 0 magnitude of the GCT of m K 0 > 13, which corresponds to 7 after correction for this reddening. The corresponding absolute magnitude limit is M K 0 > ?7:5. In other words, the GCT was not brighter than ?7:5 in absolute K 0 magnitude in May.
Examination of an earlier image, taken in March under poorer seeing, shows no additional source above about the same magnitude limit. We have also examined an image taken by C. Aspin (private communica-tion) before the GCT erupted and again nd no indication that the GCT had any infrared counterpart.
Discussion and conclusions. The radio properties of the GCT are summarized in Table 2 . Here we compare them to other transient events in an attempt to determine the nature of the object.
The radio spectrum of the GCT cannot be interpreted as thermal bremsstrahlung from a standard nova shell (29) . The peak luminosity was about two hundred times larger than the 1985 radio outburst of RS Oph, a recurrent nova (30) . The observations are also inconsistent with that outburst in which the radio emission comprised a thermal short-wavelength component and a non-thermal long-wavelength component (31) . We thus rule out nova-like events.
The peak luminosity of the GCT was close to that of the prompt radio outburst from supernova (SN)
1987A (32) . But typical Type II SNe have radio luminosities a factor 10 3 larger. The extremely elongated morphology of the GCT and low inferred expansion rate (6,000 km s ?1 ) argue against an interpretation as a SN. No signi cant emission was found at the location of the 56 Co lines (847 and 1238 keV) in a ?ray spectrum (200 keV{1.5 MeV) observed in July 1991 towards the Galactic center with the OSSE spectrometer of the GRO (33) . The 56 Co are high-energy signatures for a SN and were detected from SN 1987A (34) . The limit on the absolute K 0 magnitude also e ectively discounts the possibility that the GCT is a supernova of any recognised type. Even the underluminous SN 1987A lay well above the derived limit for the rst 2.5 years.
The peak radio luminosity of the GCT is comparable to that of the radio outbursts from X-ray binary systems, such as Circinus X-1 (35) and V404 Cyg (36) . But the ux-density variations in the GCT are unlike those of X-ray binaries such as Cygnus X-3, in which the radio emission is characterized by a multiplicity of apparently discrete bursts and by abrupt ux-density changes (37) . However, it is possible that the transient radio emission of the GCT is due to an ejection of relativistic plasma from an X-ray transient source such as V404 Cyg (36) . The radio emission from the GCT has similar characteristics to V404 Cyg, namely a steep spectrum, power-law decay, and 10 33 erg s ?1 peak luminosity. The elongated morphology and linear size of the GCT is similar to the observed radio structures in X-ray binary systems like Cyg X-3 (38) .
Transient X-ray sources are thought to be binary systems in which a neutron star or black hole accretes material from its companion (39) . Radio bursts from X-ray transients are often strongly correlated with their X-ray bursts. The HI column density towards the Galactic center (about 10 23 cm ?2 ) should not signi cantly attenuate radiation with energy above about 1keV. The detection of a transient X-ray source at the position of the GCT would be important evidence in support of this hypothesis. 
